Introduction
Baijiu is a kind of traditional alcoholic beverage in China, which has a long history, and is regarded as a pearl of ancient Chinese wisdom. Since the introduction of classication of baijiu avor style in 1979, 12 major avor styles of Chinese baijiu have been recognized. Among them, Jiang (soy sauce), Nong (strong), Mild (light), and Mi (rice) avor styles are considered as the four basic avor styles, while other avor styles were considered to be derived from the aforementioned 4 basic avor styles. For instance, sesame avor style baijiu was derived from Jiang avor style baijiu. The product possesses a unique style and complex aroma with roasted sesame avor.
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There are some representative baijius with a sesame avor, including Jingzhi, Bandaojing, Meilanchun, Baotuquan, etc.
However, the whole avor proles of these baijius are different from each other. Liu et al. studied 12 sesame avor style baijius by quantitative descriptive analysis, which included 8 aroma descriptions (i.e., sesame, baked, Chen-aroma, Jiang, strong, light, distilled grain, Qu-aroma), 3 taste descriptions (i.e., sweet, sour, bitter) and 5 mouthfeel descriptions (i.e., rich, so, harmony, clean, aertaste) to describe the sensory characteristics of these baijius. By the principal component analysis, the sesame avor style baijius were further divided into 4 styles (pure sesame, partial strong, partial light, and partial Jiang avor style), and the avor prole expressed the quality difference of different sesame avor style baijius. 4 Meilanchun baijiu with sesame avor (Meilanchun) was produced successfully by Ge Chongkai and Shen Yifang in 1985 according to a modied production process from Moutai liquor, one of the world's top three wines. The baijiu has a typical roasted sesame aroma and stable quality. 5 In 1993, Jin Peizhang studied the components in Meilanchun and compared its characteristic components with those of other avor style baijius, and the results showed that the contents of furfural, furfuralcohol, benzyl alcohol and 2,3-butanediol were high, which reected some characteristics of soy sauce avor style baijiu. and isoamyl acetate. In 2012, Zhu Shuangliang compared the components of two Meilanchuns with other four famous baijius, and the results showed the amounts of 1,1-diethoxyethane, ethyl linoleate, ethyl oleate, ethyl palmitate, lactic acid and acetic acid were higher in Meilanchun than those of other baijius. In addition, its tetramethylpyrazine was 1.5-4.4 times of the same compound in other baijius with sesame avor, but the content of butanoic acid was lower. 7 Zhu Mengxu found that 1,1-diethoxymethane was not detected in all fresh liquors with the sesame avor, but its content increased along with the aging process, as well as the great decrease of methanethiol, and both of them showed good correlations with the aging course. 8 However, to the best of our knowledge, there is no report on the aroma-active compounds in Meilanchun up to now.
Sha Sha et al. investigated the aroma-active compounds in Jingzhi commercial baijiu with sesame avor, and found 36 odorants had concentrations higher than their corresponding odor thresholds. For instance, 2-furfurylthiol (OAV 1182), dimethyl trisulde (odor activity value, OAV 220), b-damascenone (OAV 116), and methional (OAV 99) could be responsible for the unique aroma of roasted sesame like avor type liquor. Particularly, it was proposed that 2-furfurylthiol was the key typical potent odorant in the roasted sesame-like avor type liquor by an omission test.
9 Yang Zheng also studied the aromaactive compounds in two Jingzhi sesame avor style baijius, and found 26 aroma compounds were further conrmed as the important odorants due to their OAVs $ 1, and the omission experiments further corroborated the importance of ethyl hexanoate, 3-methylbutanal, ethyl pentanoate, methional and dimethyl trisulde for the overall aroma of Jingzhi commercial baijiu. 10 However, 2-furfurylthiol were neither found in the commercial baijiu nor in the base distillate. In addition, by direct injection combined with GC-MS, Sun et al. identied a total of 125 volatile compounds in 36 baijiu samples with the sesame avor from 6 leading manufacturers. Among them, 30 volatiles, including two sulfur-containing compounds dimethyl disulde and dimethyl trisulde, were further identied as the active aroma compounds of Guojing sesame avor style baijiu by the aroma extract dilution analysis (AEDA).
11 Yet, 2-furfurylthiol was not found either. Therefore, it is questionable on the function of 2-furfurylthiol for the sesame avor of Jingzhi baijiu, although 2-furfurylthiol has a typical sesame aroma and is oen used as a food avoring ingredient. Nevertheless, Meilanchun baijiu with a sesame avor was selected and studied for this research according to the means of sensomics approach.
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The aims of the present study were (i) to identify important odorants in Meilanchun sesame avor style baijiu by GC-MS/O with AEDA, OAVs, recombination and omission/addition experiments, and (ii) to conrm the contribution of lactic acid for sesame avor style baijiu.
Materials and methods

Chemicals
All chemicals were of analytical reagent grade, with at least 97% purity. (Shanghai, China). Dichloromethane, sodium chloride, anhydrous sodium sulfate, anhydrous ethanol, hydrochloric acid, sodium hydroxide were purchased from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). High purity nitrogen and high-purity helium (purity $ 99.999%), were purchased from Beijing AP BAIF Gases Industry Co., Ltd (Beijing, China).
Baijiu samples
The commercial baijiu with sesame avor product (37.0% vol, 500 mL), provided by Meilanchun Company Limited, was stored at 4 C prior to analysis. It is worthy of mention that the brand name did neither imply any of our research contact with the baijiu manufacturer, nor for advertising purpose.
Isolation of the volatiles
A total of 25 mL of Meilanchun commercial baijiu was diluted to 14% ethanol by volume with room-temperature boiled ultrapure water. The diluted baijiu sample was saturated with NaCl, and extracted 3 times with freshly distilled dichloromethane (50 mL each time), then the organic phase extracts were merged to get the organic phase O The mass spectrometer was operated in electron ionization (EI) mode at 70 eV, and the ion source temperature was 230 C.
The mass-to-charge (m/z) ranged from 35 to 450 in full scan acquisition mode.
The sniffing experiments were performed by 3 experienced panelists (two females and one male). Before the experiments, they were trained by sniffing about 40 reference compounds in their concentrations 10 times above their odor thresholds in water or air. 13 The identication of a compound was conrmed by comparing its mass spectra, retention time, odor quality and retention index (RI) with that of the corresponding reference compounds. All analyses were repeated in triplicate by each panelist.
Aroma extract dilution analysis (AEDA)
The avor dilution factors of the active aroma compounds in the NBF and AF were determined by GC-MS/O on a DB-WAX capillary column. The two concentrated extracts of Meilanchun, NBF and AF, were diluted stepwise with dichloromethane in a series of 1 : 3, 1 : 9, 1 : 27, ., until no scent was perceived. The avor dilution factor of each compound was the maximum dilution in which the compound could be perceived.
Quantitative analysis of aroma compounds
The quantitation analysis of the volatile components was carried out on DB-WAX column, and their signal-to-noise ratios were required bigger than 10.
Quantitative analysis by GC-MS. Baijiu sample was diluted by ethanol to 80.0% vol alcohol solution in order to reduced moisture content, and then 1.0 mL of the diluted sample added with 10.0 mL internal standards solution was used for GC-MS analysis. The internal standard solutions were prepared as follows. The standard stock solutions were prepared with 80.0% vol ethanol solution. Then the different concentration standard solutions were obtained by diluting the stock solution step by step. Finally, 1.0 mL aliquots of these standard solutions were determined by GC-MS with selected-ion monitoring (SIM) mode. The standard curves were carried out by plotting the response ratios of standard compounds and internal standards against their concentration ratios.
The above diluted samples and different level standard solutions were spiked with the pivalic acid (IS1, 4.67 mg L Quantitative analysis by headspace solid-phase microextraction-gas chromatography-mass spectrometry (HS-SPME-GC-MS). The baijiu sample was diluted by saturated sodium chloride solution to 10% ethanol solution in volume. Then, 8 mL of the diluted solution with 10 mL internal standards (IS4-2, methyl hexanoate, 73.75 mg L À1 nal concentration; IS5-2, octyl propionate, 75 mg L À1 nal concentration) was poured into a 20 mL screw-capped vial. An automatic headspace sampling system (Multi Purpose Sample MPS2 with a solidphase microextraction (SPME) adapter, from Gerstel Inc., M€ ulheim, Ruhr, Germany) with a carboxen/ polydimethylsiloxane (CAR/PDMS 75 mm, Supelco, Inc., Bellefonte, PA, USA) was used to extract the volatile components. Aer the sample was preheated at 45 C for 5 min, the SPME ber was inserted into the headspace and adsorbed for 40 min at 45 C. Then the SPME ber was desorbed at 250 C for 5 min in the injection port of GC-MS with a splitless mode. The ow rate of helium was 1.5 mL min À1 , and the heating procedure was the same as the DB-WAX column analyzed by GC-MS/O. The GC-MS was used in selected-ion monitoring (SIM) mode. The standard solutions on different levels were prepared by 10% vol alcohol solution, which was formulated with pure alcohol and the saturated sodium chloride solution, and then followed by an adjustment of their pH values with a dilute hydrochloric acid to the same pH of the corresponding baijiu sample. Then these standard solutions were analyzed by GC-MS as the above baijiu sample.
Quantitative analysis of lactic acid by liquid chromatography (LC). Because the content of lactic acid is very high in many baijius and probably has some contributions to the avor of baijiu, it needs to be quantitated. However, lactic acid can be decomposed easily at high temperature, its content can not be measured by GC or GC/MS. Therefore, a high performance liquid chromatography (HPLC) (1260, Agilent Technologies, Inc., Santa Clara, CA) was used in our experiment.
The baijiu sample in a volume of 10.0 mL was evaporated and concentrated to 3-4 mL at 40
C by a rotatory evaporator, and then the concentrated solution was added by ultra-pure water to 10.0 mL in total volume. Then the solution and a series of standard solutions of lactic acid were simultaneously analyzed by the same HPLC mentioned above. The standard solutions of lactic acid were prepared by ultra-pure water. The LC conditions were as follows. Venusil XBP C 18 (4.6 mm Â 250 mm, 5 mm) was used and hold at 25 C. Determination of methionol and methional. The content of methionol and methional was measured by an external standard method and a liquid-liquid extraction followed by a GC-MS analysis, with the organic phase O 1 from the above part of isolation of the volatiles as the analysis sample. The standard solutions of two sulfur-containing compounds were prepared with 37.0% vol ethanol solution. These different standard solutions were prepared as the above baijiu samples.
Odor threshold determination and odor activity value (OAV) analysis
The threshold values of components were mainly quoted from literatures, and other threshold values were determined in this study according to the literature.
Method of threshold determination. Based on the described method, 13,14 the orthonasal thresholds of the odorants were determined by a forced-choice test at seven concentration steps. The proper high concentration of every odorant was rstly prepared with hydroalcoholic solution at 46% ethanol in volume, and then the solution was stepwise diluted (1 : 3 by volume) with the same matrix to get 7 different concentration solutions for each odorant. Seven triangular series were prepared for every odorant, and each of them comprised of one glass of the odorant dilution and two glasses of hydroalcoholic solution. All of the series were labeled with random four-digit numbers and presented in decreasing concentrations. A sensory panel consisting of 25 panelists was asked to sniff and select a different one in each group of the triangular series. Then the two concentrations for every odorant were recorded, i.e. the minimum concentration that the assessors correctly selected and the maximum concentration incorrectly selected. Then, the odor threshold of each odorant was calculated by the following formula described in ref. 15 .
OT i : the individual recognition/detection odor threshold of each assessor; C x : the lowest concentration of the odorant, which was correctly selected by the assessor; C x+1 : the highest concentration of the odorant, which was incorrectly selected by the assessor. The recognition/detection odour threshold (OT n ) of the compound tested by the panel was calculated by the following formula Based on the quantitative results, odor activity value (OAV) of each substance was calculated as follows: OAV ¼ the concentration of a compound/the odor threshold of the compound.
Descriptive prole test
The sensory evaluation of the Meilanchun sample was performed by10 trained panelists (5 males and 5 females, 24 years old on average). The Meilanchun sample in 30 mL was poured in an odorless tasting glass of Chinese baijiu, and the descriptive prole test was analyzed under 20 AE 1 C. 15 The assessors were asked to rank the intensities of 8 characteristic aroma attributes on a seven-point scale (0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0) with 0 indicating not perceivable, 1 indicating weak, 2 indicating signicant, 3 indicating strong. Eight characteristic aroma attributes and their responding references were as follows: roasted sesame seed for baked sesame note, acetic acid for acidic note, steamed grains including sorghum and rice husk for grain-like note, old pit mud for pit mud-like note, ethyl pentanoate for fruity note, 3-methylbutanal for malty note, 2-methoxy-1,3-dioxolane for sweet note, ethanol for alcoholic note. Aer being trained, the overall aroma was evaluated for the Meilanchun baijiu by the panel.
Aroma recombination experiments
By using the odorants with OAVs $ 1, phenethyl alcohol, 2-methoxy-1,3-dioxolane and lactic acid, the complete aroma recombination models was prepared in 37% ethanol solution in pure water matrix (by volume), and their pH were adjusted to be same with Meilanchun. The aroma proles of the recombination model were analyzed with the same method for Meilanchun.
Omission experiments and addition experiments
As the above odor threshold determination, a triangle test was performed to determine the signicance of one odorant. A glass (20 mL) of the mixture was prepared by omitting or adding one or a group of selected components from the complete recombination models, and then presented with two glasses of 
Results and discussion
Analysis of aroma-active compounds in Meilanchun baijiu
Ninety-two compounds were identied from NBF and AF, which were extracted from Meilanchun commercial baijiu. With GC-MS/O, 47 odor-active peaks were detected, and 45 odor-active components were conrmed further, although two could not be identied yet. Besides, 35 odorants showed FD factors $ 9, which were shown in Table 1 . The highest FD factors were determined for the ethyl pentanoate (8, fruity, apple-like, strawberry-like odor), ethyl 3-phenylpropanoate (15, sweet odor), 3-methyl-1-butanol (18, malty, roast nuts-like odor), phenylethyl alcohol (20, owery odor), and methional (36, cooked potato odor) (FD ¼ 2187), followed by 3-methylbutanal (42, malty, roast nuts-like odor), ethyl butanoate (5, fruity, apple-like, strawberry-like), and 2-methoxy-1,3-dioxolane (22, sweet, cake-like odor) with FD 729. A majority of these odorants in Table 1 have also been reported as aroma compounds in other avor type of Chinese baijiu.
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Among the 45 odorants shown in Table 1 , there were 15 esters, 5 alcohols, 4 acetals, 3 pyrazines, 7 carboxylic acids, 3 sulfur-containing compounds, 3 phenols, 4 carbonyl odorants and 1 pyridine. The esters and acetals mainly contributed the fruity and sweet avors to the Meilanchun baijiu, while the alcohols and 3-methylbutanal offered malty, roasted nut-like, the phenethyl alcohol contributed the owery, the acids provided sour and sweaty, the phenols contributed the smoky, and methional offered cooked potato aromas. Pyrazines contributed some nutty and woody to the avor of Meilanchun baijiu. The FDs of uk1-M (cooked potato) and uk2-M (sour) were 9 and 27 respectively.
Concentration of compounds in Meilanchun baijiu
In order to get deeper insight into the Meilanchun baijiu, a total of 90 detected compounds were quantitated ( ). The employed quantitative methods were able to detect all of the identied compounds in Meilanchun. The obtained calibration curves had good linearity with correlation coefficient (R 2 ) $ 0.99; RSDs in triplicate of samples were #15%, which revealed that the good precision of the quantitative methods.
Four kinds of carboxylic acids (lactic acid, acetic acid, hexanoic acid and butyric acid) are important to avor in baijiu. All acids are volatiles except lactic acid which may usually ignored the contribution to baijiu aroma. Lactic acid in Meilanchun was quantitated by HPLC. Noteworthy the content of lactic acid was high (1754.67 mg L À1 ) which may inuence the aroma of Meilanchun.
Odor activity values (OAVs)
To overcome the shortcomings of GC-MS/O analysis with AEDA, 19 and in view of ethanol concentration on the volatility of an odorant, 20 the OAVs (ratio of concentration to its odor threshold) of the odorants were calculated to evaluate their contributions to the avor of Meilanchun (Table 2) . Besides, 13 odor thresholds determined in a mixture of ethanol/water (46/ 54 by vol) were used in this study.
The results in Table 2 showed there were 35 components with OAVs $ 1.0 in Meilanchun, including 6 compounds undetected by GC-MS/O. They were ethyl octanoate (OAV 104), butyl hexanoate (OAV 1), 1-propanol (OAV 2), 4-methyl pentanoic acid (OAV 33), acetoin (OAV 66), 2-furfural (OAV 3). This showed that the inuence of ethanol concentration on the volatility of an odorant. 20 The OAVs of 7 compounds was greater than 100, which was ethyl hexanoate (OAV 1957), ethyl butanoate (OAV 833), 3-methylbutanal (OAV 638), ethyl 3- b MS, compounds were identied by NIST MS spectra; S, compounds were identied by standards; O, compounds were identied by comparison to reference standards by GC-MS/O; RI, compounds were identied on DB-WAX and HP-5MS by comparison to reference standards.
c Unknown compound that could not be identied. In consideration of both FD values and the OAVs, it was found that some compounds with high FD value had relatively smaller OAVs. For example, the FD factors of phenethyl alcohol, 3-methyl-1-butanol and ethyl 3-phenylpropanoate possessed the largest FD values 2187, but their OAVs were low which indicated that the inuence of the food matrix on odorant binding. Based on the OAVs in Table 2 , esters (especially ethyl hexanoate and ethyl butanoate), alcohols, acids, 3-methylbutanal, phenols, dimethyl trisulde, methional, and 1,1-diethyoxyethane were considered to have important inu-ence on the aroma of Meilanchun, which was basically in accordance with FD values and the reported results by Zheng et al. 10 and Sha et al., 9 especially the contributions of ethyl hexanoate, ethyl butanoate, 3-methylbutanal, dimethyl trisulde, and methional to the aroma of roasted sesame avor baijiu.
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However, 2-furfurylthiol with a roasted sesame aroma reported by Sha et al. 9 was not found in the study. According to the previous work, 26,27 the odor of roasted sesame seeds was characterized by sulfurous, roasty, nutty, and meaty notes. The authors had not found a compound with a sesame-like avor. The sesame-like avor might be a composite avor, and so there was probably no compound with sesame-like avor.
Descriptive prole and aroma recombination of Meilanchun
To validate the quantitative results, the descriptive prole experiments were performed for the aroma recombinate in comparison to Meilanchun by rating the intensity of 7 odor attributes, as well as the overall similarity. The aroma recombinate was prepared in an ethanolic solution (37%, ethanol by volume), and contained all important odorants with OAVs $ 1.0, phenethyl alcohol and 2-methoxy-1,3-dioxolane because of their high FD values, as well as lactic acid due to its high concentration. Besides, the pH in the aroma recombinate was adjusted to 3.9. The aroma descriptive proles for Meilanchun and its simulation sample (M1) are shown in Fig. 1 .
As shown in Fig. 1 , a distinct sweet aroma quality was detected in Meilanchun, followed by acid, fruity, grain aroma, baked sesame-like, malty. The aroma of the recombinate had good similarities for sweet, fruity, grain-like, acidic, ethanol and pit mud-like, although the roasted sesame had some deciencies. In addition, the oral note was very weak either in Meilanchun or in the recombinate, although a very strong oral aroma could be smelt during the GC-MS/O analysis. This implied that there were interactions among the odorants.
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The overall aroma similarities between the recombination model and Meilanchun were judged to be 2.7 to 3.0 points and 2.8 to 3.0 points, respectively. These results indicated the successes in simulating the typical avor of Meilanchun. This is the rst time to study the avor prole of Chinese baijiu.
Omission and addition experiments
To conrm the contributions of some key odorants to the avor of Meilanchun, a total of 17 aroma omission and addition experiments were carried out, and each model was evaluated by a triangle test with the above complete recombination model. The results of omission and addition experiments were shown in Table 3 .
The data in Table 3 showed there were very highly signicant differences (a # 0.001) in the aroma of these omission models with comparison to the complete recombinate, such as esters, ethyl hexanoate, phenols, methional, and highly signicant differences (a # 0.01) in the omission models of ethyl butanoate, acids, and dimethyl trisulde. However, no signicant difference was observed when ethyl lactate was omitted, or methionol was added. The results revealed that esters, phenols and acids were very important for the aroma of Meilanchun, especially ethyl hexanoate, methional, ethyl butanoate, and dimethyl trisulde. The esters were mainly responsible for the typical fruity note of Meilanchun, but ethyl lactate has a little inuence in spite of its relatively high level in Meilanchun, which were traditionally regarded as the most key aroma compounds because of their particularly high concentrations. 28, 29 The acids provided the acidic odor, and methional had an important contribution to the roasted note, and methionol contributed little to the Meilanchun aroma, which were in agreement with the reported by Zheng et al. 10 These phenols, such as guaiacol, 4-methylphenol and 4-ethyl guaiacol, were identied as key odorants at the rst time for the roasted sesame avor style baijiu.
The two model mixtures without 3-methylbutanal or 3-methyl-1-butanol were also evaluated with signicant differences (a # 0.05) in comparison to the complete reconstitution model. Besides, when the two compounds were omitted, the intensity of malty aroma decreased signicantly, while the roasted note decreased slightly. Therefore, they were responsible for the malty aroma and part of roasted note in the entire model mixture.
As shown in Table 3 , the omission of lactic acid or acetoin resulted in a signicant difference (a # 0.05). When the mixture model was lack of lactic acid or acetoin, their aroma proles had some changes in the soness or harmony. Therefore, lactic acid and acetoin (a mild creamy odor) could be as two blenders for the aroma of Meilanchun, since the creamy odor has good compatible with other odor note. This is the rst time to conrm the effects of lactic acid and acetoin on the avor of roasted sesame avor baijiu.
In addition, the omission of phenethyl alcohol or compounds without odor threshold resulted in an insignicant difference from the complete reconstitution. Although phenethyl alcohol had a very high FD value, it had a little contribution to the aroma of Meilanchun because of its low concentration. This was different from the results of the roasted sesame avor baijiu reported by Zheng et al. 10 and Sha et al.
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In conclusion, 92 compounds were identied from Meilanchun, 47 aroma-active compounds were detected by GC-MS/O, including 45 identied aroma-active compounds and 2 unknown peaks, but 2-furfurylthiol with the roasted sesame aroma was not found. In addition, 43 active odorants and 47 components without being smelt by GC-MS/O were accurately quantied by GC-MS. Meanwhile lactic acid was quantied by HPLC. There were 35 important odorants with OAVs more than 1. The aroma prole of Meilanchun sesame avor style baijiu were successfully reconstituted by mixing 35 odorants with OAVs $ 1.0, phenethyl alcohol, 2-methoxy-1,3-dioxolane, as well as lactic acid. The omission experiments further conrmed that ethyl hexanoate, phenols, methional were the key odorants making contributions to the overall aroma of Meilanchun baijiu, and ethyl butanoate, 3-methyl-1-butanol, 3-methylbutanal, acetoin and lactic acid also were important compounds to aroma. Methionol and phenethyl alcohol were not the characteristic odorants for Meilanchun sesame aromatype commercial baijiu. Further researches are needed to identify the function of 2-furfurylthiol for the sesame avor style baijiu, and explore whether nonvolatile compounds have effects on its aroma, which may explain why the aroma simulation was weak in the roasted sesame aroma in ethanol/ water.
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Abbreviations and nomenclature
AEDA Aroma extract dilution analysis OAVs
Odor activity values GC-MS/ O Gas chromatography-mass spectrometry/ olfactometry GC-MS Gas chromatography-mass spectrometry IS Internal standard AF Acidic fraction NBF Neutral/basic fraction FD factor The avor dilution factor
